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Abstract: We present briefly the LLAMA sub-mm radiotelescope, a joint project of
Argentina and Brazil, being mounted in the Andes, Argentina, at 4800 m altitude. Here
we focus on the activities that are going on mostly under the responsibility of Brazil,
like the high frequency receivers, parts of the back-end and electronics, the optical
system of the telescope to bring the radiation to the receivers, the equipment needed
for the integration and verification phase (optical telescope and holography) and the
computation system.The main scientific applications that are planned are dscribed. We
also report on a joint program with BRICS countries approved in 2019, which will involve
the use of LLAMA for testing high-frequency receivers.
Key words: LLAMA radiotelescope, sub-mm Astronomy, Argentinian-Brazillian project,
Astrochemistry, VLBI.
INTRODUCTION
LLAMA (Large Latin American Millimetric Array)
is a joint Brazilian-Argentinian project of a
12 m mm/sub-mm radio telescope, in a site
at 4800m altitude and 200 km from ALMA
(Atacama Large Millimeter Array), the large
interferometer constituted of 66 antennas. The
LLAMA antenna has the same type of dish as
the ALMA antennas, but will have, in addition to
the Cassegrain cabin, two lateral Nasmyth cabins.
This will allow to install up to 6 receivers in
those cabins. The radiotelescope is similar to
APEX (Atacama Pathfinder EXperiment), shown
in Figure 1, situated near to ALMA. Another
international project, QUBICS (Q&U Bolometric
Interferometer for Cosmology), will be installed
close to LLAMA, which will permit to share costs
of infrastructure.
The construction of the antenna by VERTEX
AntennentechniK GmbH (Germany), started in
2014 and was concluded in 2017. The access
road to the site was constructed, as well as a
flat area for the observatory. The antenna was
transported to Argentina, arriving in 2017 August,
but at the present date it is still in containers,
at the site of the observatory, waiting for the
construction of a concrete foundation on which
it will be mounted. A part of the antenna, the
Yoke Traverse, which was damaged during the
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Figure 1. LLAMA will resemble this antenna, APEX, which is situated close to ALMA, and belongs to an European
consortium.
transportation in 2017, has been reconstructed
and arrived at the observatory in May 2020.
(Figure 2).
THE SCIENCE CASE OF LLAMA
LLAMA will be, for the moment, with APEX, one of
the few radiotelescopes operating at Terahertz
frequencies ( ≥ 0.1 Terahertz) in the Southern
Hemisphere, including the 10 m South Pole
Telescope. Although the most important radio
interferometer of the world, ALMA, is in the
Atacama desert in Chile, in the South, ALMA and
LLAMA are different and complementary in ways
of exploring the Universe. To perform a sucessful
observation with ALMA, it is often necessary
to prepare the observations with a single dish
antenna, when we wish to observe objects
that are not seen in the visible. Furtheremore,
there are many types of observations that
do not need interferometry. And, since LLAMA
is situated at 200 km from ALMA, it will be
an ideal partner for VLBI (Very Long Base
Interferometry), which will increase the angular
resolution of ALMA by a factor 10 in one direction,
for special observations. LLAMA will also be
naturally inserted in the EHT (Event Horizon
Telescope) network of antennas to perform
VLBI observations of black holes with very high
angular resolution (Doeleman 2010).
The Southern sky is largely unexplored
at Terahertz frequencies. Many important
and interesting objects are situated in this
Hemisphere, like the nearest galaxy, the
Magellanic Cloud, and a large part fo the
disk of our Galaxy, including the Galactic
An Acad Bras Cienc (2021) 93(Suppl. 1) e20200846 2 | 11
JACQUES R.D. LEPINE et al. LLAMA BRAZILIAN-ARGENTINIAN RADIOTELESCOPE PROJECT
Figure 2. The Yoke Traverse, a piece of the antenna which had to be reconstructed by VERTEX due to an accident,
arriving at the site of the observatory.
Center (this region is also observable from the
Northern Hemisphere, but in better conditions
from the South). There are many groups
in Brazil and Argentina willing to observe
molecular clouds and star formation regions
with LLAMA, in order to better understand
the process of star formation. The spectral
lines of molecules are exceptional tools to
determine the physical conditions of dense
regions of the interstellar matter (density,
temperature, chemical composition, velocity
gradients). Examples of works of this type
involving our group are those of Duronea et al.
(2019) and Mendoza et al. (2018).
Astrochemistry is a new and active field
of reasearch which aims to understand
the formation of organic molecules, and
to discover new molecular species in the
interstellar medium. This research involves
theoretical groups that compute the structure
of molecules and perform quantum mechanical
calculation of the frequencies that should be
observable. Other groups perform laboratory
experiments simulating the physical conditions
of space,to observe the formation or destruction
of molecules. Important laboratory groups
are located at UFRJ (Dra. Heloisa Boechat)
and UNIVAP (Dr. Sergio Pilling). Of course,
observations with a radio telescope will be a
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kind of final confirmation of these results. Joint
scientific meetings have been organized with the
presence of such diversity of research groups
like ALLAM2919 (www.allam2919.iag.usp.br) and
ISWA (https://www1.univap.br/gaa/iswa/) There
are hundreds of well identified molecular lines
in the band 5 and band 9 (bands defined in
next section) which will be available to LLAMA,
but there are also several tens of spectral lines
that are clearly molecular, but from molecules
that are not yet identified. The list of observed
transitions are given, for instance, by Lovas et al.,
1985 (frequently updated).
Astrochemistry will be an important tool in
the searh for life. It is technically impossible
at the moment to observe the chemical
composition of an exoplanet, but we could have
indirect evidence of it because the chemical
composition of objects of a protoplanetary disk
seems to be related to that of the interstellar
cloud from which the star originated (Lefloch et
al. 2018).
There are many lines of research in
Extragalactic Astronomy. Observations of
red-shifted CO can be used for star formation
rate studies at an earlier epoch. For instance,
the star-formation history of the Universe could
be investigated by observing the protogalaxies of
the first billion years of the universe. H2Omasers
from distant galaxies could be part of a project
to get mesurements of their distances and to
estimate the Hubble constant in an independent
way (Braatz 2009).
A group of researchers intends to observe
quasars, blazars and nuclei of Seyfert galaxies
and investigate their variabilities (eg. Beaklini et
al. 2019). These objects are high luminosity AGNs
(Active Galactic Nuclei) that are also bright at
radio wavelength. Some of them, VVOs (Violent
Variable Objects) and BL Lacs objects, show an
intense variability at all wavelengths at which
they are observed: radio, infrared, optical, UV,
X-ray and γ-ray. In the submillimeter range,
the monitoring campaigns are rare; LLAMA will
provide crucial information to understand the
physical processes occurring in these sources
(Stevens et al. 1998).
Another field of research will be solar
astronomy. The antenna is specially designed to
be able to point towards the Sun, because the
visible and infrared energy will be scattered by
the de-polished surface of the dish and will not
concentrate on the secondary reflector, which
would damage it. This surface treatment is not
typical in mm radio telescopes. Furthermore, in a
latter stage, a dichroic mirror will be installed in
the optical system, which will permit to observe
with two receivers simultaneously (one in each
Nasmyth cabin). This will allow to determine
phase differences of Solar burst-like peaks at
different frequencies and spectral hardness of
the particles acceleration. Mapping the full
disk in total power is extremely valuable for
the analysis of the chromosphere temperature
structure (Brajša et al. 2018) Fast mapping of
active regions during transient emission will
contribute to the comprehension of the energy
transport at lower atmosphere levels.
The plan for the use of the telescope is
to have the observation time allocated by a
committee, that will judge and set priorities to
the proposals sent by the community. A few
time consuming surveys supported by a larger
number of astronomers than the usual proposals
could be adopted. The Argentinian partners are
planning to install a bolometer for research in
Cosmology in LLAMA, in association with QUBICS.
HIGH FREQUENCY RECEIVERS AND
BACK-END
At the very beginning LLAMA will operate with
2 heterodyne receivers, in Band 5 (162-211 GHz)
and Band 9 (602-720 GHz) (ALMA bands). Other
An Acad Bras Cienc (2021) 93(Suppl. 1) e20200846 4 | 11
JACQUES R.D. LEPINE et al. LLAMA BRAZILIAN-ARGENTINIAN RADIOTELESCOPE PROJECT
receivers, Band 2+3 (67-116 GHz) and band 6
(211-275 GHz), are planned. These last two are
important because they are the ones used in
VLBI experiments by other radiotelescopes. For
the moment we have not yet taken a decision to
fill the available room for 2 additional receivers.
This will depend on the needs of the community
and the opportunities to get them at low cost.
The two initial receivers are ALMA-like
cartridges (Figure 3), cooled receivers . At
present we have only one cryostat with room
for 3 cartridges, constructed by NAOJ (Tokyo,
Japan). We obtained significant contribution
from NOVA-Groningen Lab (Holland) for the
construction and tests of the receivers, band
9 being constructed by NOVA and band 5 by
GARD (Gothenburg, Sweden), and donated to
LLAMA by the European Southern Observatory.
The tests performed at NOVA trained 2 Brazilians
and 1 Argentinian engineers to measure and
adjust all the parameters of the receivers, like
the system temperature, bandwidth, stability. A
prototype IF processor has been constructed
and tested at NOVA and could be used
in principle for first light. It has a Total
Power output for observations of continuum
sources, and is able to feed a Fast Fourier
Transform spectrometer for line observations.
However, the prototype IF processor has a
limited bandwidth (2.5 GHz), compared to the
possibilies of the FFT spectrometer, already
purchased by the Argentinean partners, that
can process an instantaneous bandwidth of
16 GHz. We started the work of constructing
new IF processors at the Engineering School
of University of São Paulo (hereafter Escola
Politécnica), duplicating the bandwidth, and
allowing the simultaneous observation of the
two polarizations. The same spectrometer will
be used with all the front-end receivers, by
switching the receiver and perfoming the needed
down convertion of frequencies.
NACOS - NASMYTH CABIN OPTICAL
SYSTEM
The whole “optical” system, named NACOS,
includes mirrors to bring the beam to the
cryostat where the receivers will be installed, and
mechanical parts to hold the mirrors and the
cryostat (Figure 4).
NACOS contains 4 remotely controlled
mirrors plus 6 not controlled (8 flat and 2
curved ones). The mirrors in the Cassegrain
cabin allow to choose to which Nasmyth cabin
the signal will be sent. Then, inside a Nasmyth
cabin, the mirrors permit to select the receiver
to be used, among 3 receivers that can be
installed in the cryostat. NACOS also serves to
support the cryostat, in the Nasmyth cabin, and
lift it for maintenance of the cold He head.
At first light we will use only one of the two
Nasmyth cabins. NACOS also supports a system
of calibration loads, in the Cassegrain cabin, with
2 temperature-controlled blackbody loads. The
NACOS mechanical structures have been built
by ALFA Ferramentaria in Araraquara, São Paulo
State (Figure 5). It is ready and in a phase of
alignment and tests.
SUBSYSTEMS FOR ANTENNA AIV PROCESS
The Assembly, Integration and Verification phase
(AIV) of the antenna will be focussed on veryfying
the antenna control, antenna motion and overall
antenna structure. At this phase tests are run
to confirm the reliable control of the motion
of the antenna. An optical telescope system
(OPTS) will be used for inicial tests and setting
of parameters of the pointing model. OPTS is
composed by a refractor optical telescope with
carbon fiber tube that will be mounted in a
hole of the antenna dish, with an additional
protection tube and remote shutter control. The
telescope is equipped with a camera that will
take otical images of the field of astrometric
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Figure 3. The band 9 cartridge mounted receiver, ready to be introduced in the cryostat.The cartridge has three cold
stages that operate in vacuum at temperatures of 4K, 20K and 90K, and room temperature, from top to bottom. The
superconducting mixer, which down-converts the signal from the sky with a stable wave produced in a Local
Oscillator to generate an Intermediate Frequency signal, is in the 4K stage at the top.
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Figure 4. Schematic presentation of the NACOS system. On the right, the CAS system, that goes in the Cassegrain
Cabin, just below the dish. The beam, in yellow, can be sent to one Nasmyth cabin or to the other. Here only one of
the two NAS systems is presented, on the left side of the figure; it holds a cryostat containing cooled receivers.
stars, to detect the pointing errors. The OPTS
sofware will measure automatically the offset of
the objects from the center of the image field.
For the alignment of the panels of the dish,
near field holography will be used (Baars 2007,
López-Pérez 2014). The holographic system is
composed of two separate parts, the receiver and
the transmitter. The holography receiver will be
on loan from NRAO (National Radio Astronomy
Observatory, USA) and ALMA. This part of the
equipment will be installed on the antenna,
near its prime focus, during the measurement
campaigns. The holography tranmitter will be
mounted on a tower situated at a distance 300
m from the radiotelescope. The principle is to
detect differences in phase between the signal
coming directly from the transmitter and the
signal coming from the transmitter but entering
in the receiver after a reflection by the antenna
dish. The holography system will produce maps
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Figure 5. The NACOS system, in the Alfa factory at Araraquara.
of the surface errors of the radiotelescope dish,
that will be corrected by adjusting the position
of the panels. The goal is to reach a surface rms
accuracy of 20 μm. The transmitter, working at
104 GHz, is being developped in Brazil at Escola
Politécnica.
SOFTWARE DEVELOPPMENT
The LLAMA software is a major challenge,
since the antenna will be operated remotely.
The software controls the motion of the
dish, the receivers (high frequency and IF),
the spectrometer, calibration system, data
acquisition, quick view of the results, data
storage, monitoring of sensors, and more. We are
using the ACS program infrastructure of ALMA for
integration and specific local softwares for many
instruments. This work is being developped in
São Paulo (IAG-USP, with contributions from
Mackenzie University and INPE/MCTI).
THE BRICS COLLABORATION
A new opportunity of international collaboration
became available in 2019, by means of a call
for proposals in the BRICS countries. We started
the establishment of a collaboration between
Brazil, Russia, South Africa and China to develop
the technology for the construction of very
high frequency receivers (sub-Terahertz). It is
a case with a well defined plan, under the
leadership of Dr. Valery Koshelets (Kotel’nikov
Institute of Radio Engineering and Electronics,
Russia) and with the participations of Dr.
Huabing Wang (School of Electronic Science
and Engineering, Nanjing University, China)
and of Dr. Coenrad Fourie (Stellenbosch
University, Department EE Engineering, South
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Africa). We are already developping SIS
(Superconductor-Insulator-superconductor)
devices in Russia, to be used as mixers of high
frequency receivers (about 250 GHz) of high
quality, which will be complemented with IF
(Intermediate Frequency) processor constituted
by a parametric Josephson travelling-wave
amplifier with bandwidth 2 to 12 GHz, designed
in South Africa. This program will also include
a collaboration of the NOVA labs in Groningen
(Holland, not a BRICS member), under the
responsibility of Dr. Andrey Baryshev. In Nova
the SIS are being tested, to be later installed
inside the mixer of a sub-mm receiver (Band 6).
The main role of Brasil will be to participate in
these tests and provide a suitable high altitude
radiotelescope (LLAMA) to test the receivers. At
present we have a PhD student (Daniele Ronsó)
in double-titulation program between USP and
University of Groningen, working with Dr. Andrey
Barischev on the tests of SIS devices made in
Russia for the development of a band 6 receiver
for LLAMA. All the involved countries have funds
approved in their own country. The development
in China will be in close collaboration with South
Africa, on IF processors. The precise role of Brazil
in this part of the project is still to be defined.
This BRICS activity will result in an important
contribution to Terahertz technology transfer to
Brazil by the LLAMA project.
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